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Twelve samples of air-dried aerial parts of Piper dilatatum L. C. Rich yielded essential oils
and their volatile constituents were analyzed by GC and GC–MS. Sesquiterpenes, both
hydrocarbons and oxygenated, were the most highly represented classes, the former
ranging from 31.5% to 87.7% and the latter varying from 1.8% to 49.4%. Using hierarchical
cluster analysis, the oils were divided into seven groups, whose main constituents were:
(E)-caryophyllene, a-cadinol and germacrene D (group A); spathulenol, bicyclogermacrene
and (Z)-b-ocimene, (group B); spathulenol, germacrene D and (E)-nerolidol, (group C);
germacrene D, limonene, a-phellandrene and bicyclogermacrene (group D); b-elemene,
germacrene D and b-pinene (group E); curzerene, p-cymene and a-eudesmol (group F);
and (Z)-a-bisabolene, curzerene and germacrene D (group G). We have seen that Piper oils
from the Amazon present as major constituents terpenoids and phenylpropanoids, always
with the predominance of one over another. The essential oils of P. dilatatum presented in
this paper, containing only mono- and sesquiterpenes as its major components, is further
chemotaxonomic evidence of this dichotomy in the Piper genus.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
The Piperaceae comprises 5 genera and about 1400 species with a mainly pan tropical distribution (Jaramillo and Manos,
2001). Piper is the largest genus in the family with about 1000 species, including 170 species that are found in Brazil (Yuncker,
1972). Piper dilatatum L. C. Rich [syn: Artanthe corylifolia (Kunth) Miq., Artanthe ulmifolia (Kunth) Miq., Piper corylifolium
Kunth, Piper dilatatifolium Trel. & Yunck., Piper grahami Trel., Piper leptocladum C. DC., Piper subsericeum Trel., Piper verrucosum
Willd., Schilleria corylifolia Kunth, Schilleria ulmifolia Kunth, among others] is found in the West Indies and South America
(Missouri Botanical Garden, www.tropicos.org/NAME/25001133). The plant is a branching shrub, 1.5–3.0 m, slender, sparsely
to moderately crisp-pubescent, subvillous, or glabrate upper internodes (Yuncker, 1972).
From the dichloromethane extract of the leaves of P. dilatatum, collected at Rio Diablo, Province of San Blas, in Panama,
were isolated prenylated benzoic acid derivatives and chalcones (Terreaux et al., 1998). The compositions of the essential oil of
the leaves from three specimens of P. dilatatum, collected at Paraty (RJ), Guaramiranga (CE) and Brasília (DF), Brazil, were
reported. The main constituents of the Paraty oil were myrcene and a-pinene (Santos et al., 2001); the Guaramiranga oil was
dominated by bicyclogermacrene, a-phellandrene, (E)-caryophyllene and d-3-carene (Cysne et al., 2005); the major
components of Brasília oil were (E)-b-ocimene and (E)-caryophyllene (Potzernheim et al., 2006).ax: þ55 91 32017291.
 Elsevier OA license.
E.H.A. Andrade et al. / Biochemical Systematics and Ecology 39 (2011) 669–675670As part of an ongoing project to survey the Amazon aromatic ﬂorawe collected twelve specimens of P. dilatatum occurring
in different areas and vegetation types of the Amazon. Now, the aim of this paper is to report the variation in the oils
composition of these specimens, as well as the hierarchical cluster analysis based on the identiﬁcation of its main
constituents.
2. Materials and methods
2.1. Plant material
Twelve specimens of wild P. dilatatumwere collected in different localities of the eastern Amazon, Brazil, during the rainy
season. They are listed in Table 1. The plant was identiﬁed by Dr Elsie Guimarães, a specialist of Piperaceae from Botanical
Garden of Rio de Janeiro, Rio de Janeiro, Brazil. Vouchers were deposited in the herbarium of Emilio Goeldi Museum, city of
Belém, state of Pará, Brazil.2.2. Plant processing
The aerial parts (leaves and thin stems) of P. dilatatum were air-dried, ground and submitted to hydrodistillation using
a Clevenger-type apparatus (100 g, 3 h). The oil was dried over anhydrous sodium sulfate and its percentage content was
calculated on the basis of the plant dry weight. The moisture content of the sample was calculated after phase separation in
a Dean–Stark trap (5 g, 60 min), using toluene.2.3. Oil-composition analysis
The analysis of the oil was carried out on a THERMO DSQ II GC–MS instrument, under the following conditions: DB-5ms
(30 m  0.25 mm; 0.25 mm ﬁlm thickness) fused-silica capillary column; programmed temperature: 60–240 C (3 C/min);
injector temperature: 250 C; carrier gas: helium, adjusted to a linear velocity of 32 cm/s (measured at 100 C); injection type:
splitless (2 mL of a 1:1000 hexane solution); split ﬂowwas adjusted to yield a 20:1 ratio; septum sweep was a constant 10 ml/
min; EIMS: electron energy, 70 eV; temperature of ion source and connection parts: 200 C. The quantitative data regarding
the volatile constituents were obtained by peak-area normalization using a FOCUS GC/FID operated under conditions similar
to those in GC–MS, except for the carrier gas, which was nitrogen. The retention index was calculated for all the volatiles
constituents using an n-alkane (C8–C20, Sigma–Aldrich) homologous series.
Individual components were identiﬁed by comparison of both mass spectrum and GC retention data with authentic
compounds which were previously analyzed and stored in our private library (Maia et al., 1998a), as well as with the aid of
commercial libraries containing retention indices and mass spectra of volatile compounds commonly found in essential oils
(Adams, 2007; NIST, 2005).2.4. Statistical analysis
Cluster analysis was used to classify and group the essential oils according to their main volatile constituents. Complete
linkage and absolute correlation coefﬁcient distance was selected as a measure of similarity. For the grouping of the oil
samples the agglomerative and hierarchical method was applied. All data were statistically analyzed using the MINITAB 14.0
software.Table 1
Collection data and essential oil yield of the samples of Piper dilatatum occurring in the Amazon, Brazil.
Sample Collection site Voucher Oil % (v/w)
P1 Alto Alegre, Roraima state MG 158567 0.4
P2 Alto Alegre, Roraima state MG 156949 0.6
P3 Benﬁca, Pará state MG 155647 0.2
P4 Belterra, Pará state MG 165233 0.5
P5 Marituba, Pará state MG 184947 0.9
P6 Marituba, Pará state MG 184950 0.4
P7 Serra dos Carajás, Pará state MG 189542 0.4
P8 Serra dos Carajás, Pará state MG 189282 1.2
P9 Angico, Tocantins state MG 165524 0.2
P10 Xambioá, Tocantins state MG 165527 0.5
P11 Xambioá, Tocantins state MG 165530 0.4
P12 Carolina, Maranhão state MG 165533 0.5
Table 2
Composition of essential oils from aerial parts of Piper dilatatum.
Constituentsa RI P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12
Cal.c Lit.d
a-Thujeneb 924 924 0.1
a-Pineneb 932 932 9.7 0.4 0.4 4.5 0.9 0.1 0.5 0.6
Benzaldehydeb 952 952 0.2 0.1
Sabineneb 969 969 0.1 1.1 0.2 0.3 0.1
b-Pineneb 974 974 14.8 0.6 0.8 10.5 1.2 0.8 0.5
Myrceneb 988 988 0.1 0.3 0.2 0.1 0.2
Mesityleneb 994 994 0.6
a-Phellandreneb 1002 1002 0.2 0.1 0.1 0.3 16.3
d-3-Careneb 1008 1008 0.2
a-Terpineneb 1017 1014 0.8 1.4
p-Cymeneb 1020 1020 11.7 5.1 0.1 0.1 0.3
Limoneneb 1024 1024 2.9 0.6 0.2 6.4 0.5 19.4
b-Phellandreneb 1025 1025 0.4 1.3 0.5
(Z)-b-Ocimeneb 1032 1032 10.0 0.1 0.1
Phenylacetaldehydeb 1036 1036 0.1
(E)-b-Ocimeneb 1044 1044 4.8 0.1 0.1 0.1
g-Terpineneb 1054 1054 2.1 3.3
Terpinoleneb 1086 1086 0.5 1.0 0.1
p-Cymenene 1089 1089 0.7
Linaloolb 1095 1095 0.3 0.4 0.4 0.1 1.0
trans-Pinene hydrateb 1119 1119 0.1
allo-Ocimeneb 1128 1128 0.2
trans-Pinocarveolb 1135 1135 0.3
Nerol oxide 1154 1154 0.1
Pinocarvoneb 1160 1160 0.1
1,3-Dimethoxybenzeneb 1161 1165 0.1
Terpinen-4-olb 1174 1174 0.1 0.1 0.4 0.1
p-Cymen-8-olb 1179 1179 0.7
a-Terpineolb 1186 1186 0.4 0.1
Myrtenolb 1194 1194 0.3
cis-Carveolb 1226 1226 0.1
Carvoneb 1239 1239 0.1
p-Anisaldehydeb 1247 1247 0.1
Geraniolb 1249 1249 0.1
trans-Ascaridol glycol 1266 1266 0.1
(E)-Anetholeb 1282 1282 0.3
Bornyl acetateb 1287 1287 0.1 0.1
2-Undecanoneb 1293 1293 0.1 0.3 0.4 0.2
Carvacrolb 1298 1298 0.1
Myrtenyl acetateb 1324 1324 0.1
d-Elemeneb 1335 1335 0.1 0.1 0.3 2.0 7.6 0.1
a-Cubebeneb 1345 1345 0.2 0.4 0.1 0.2 0.2 0.1 0.1
Neryl acetateb 1359 1359 0.1
Cyclosativene 1369 1369 0.2 1.1 0.1 0.1
a-Ylangeneb 1373 1373 0.3
a-Copaeneb 1374 1374 1.6 3.9 0.3 0.2 0.4 0.8 2.5 0.2 0.4 1.1 0.1
Geranyl acetateb 1379 1379 0.2
b-Bourboneneb 1387 1387 0.5 0.5 0.6 0.4
b-Elemeneb 1389 1389 2.9 2.4 0.9 0.1 1.4 0.4 21.8 13.8 0.1 2.2 1.1 0.3
Cypereneb 1398 1398 0.3
(Z)-Caryophylleneb 1408 1408 4.8
a-Gurjuneneb 1409 1409 0.1 0.2 0.1 0.1
cis-a-Bergamoteneb 1411 1411 0.2
(E)-Caryophylleneb 1417 1417 11.7 15.5 3.7 7.4 4.1 1.6 5.1 3.8 0.9 1.6 1.2 1.3
b-Ylangeneb 1419 1419 3.0
b-Copaeneb 1429 1430 4.7
b-Gurjuneneb 1431 1431 1.0 1.2 0.7 0.1 0.7 0.2 0.1
trans-a-Bergamoteneb 1432 1432 0.3 0.8 0.5 0.5 0.2 0.5
g-Elemeneb 1434 1434 0.4 0.5 2.6 0.2 0.2
Aromadendreneb 1439 1439 0.1 0.2 0.3 0.2
(Z)-b-Farneseneb 1440 1440 7.0 4.9
6,9-Guaiadiene 1442 1442 0.3
cis-Muurola-3,5-dieneb 1448 1448 1.3 0.6
a-Himachaleneb 1449 1449 0.3
a-Humuleneb 1452 1452 2.2 2.3 0.9 0.2 0.6 0.4 1.0 1.0 0.5 0.3
Rotundene 1457 1457 0.5
allo-Aromadendreneb 1458 1458 0.3 1.9 1.6 0.2 0.3 1.3 1.7 0.2
(continued on next page)
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Table 2 (continued )
Constituentsa RI P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12
Cal.c Lit.d
9-epi-(E)-Caryophylleneb 1464 1464 0.5
Ishwarane 1465 1465 0.1
trans-Cadina-1(6),4-dieneb 1475 1475 0,5
b-Chamigreneb 1476 1476 1.9
g-Muuroleneb 1479 1478 0.9 0.6
g-Hymachaleneb 1481 1481 0.3
Germacrene Db 1484 1484 6.7 10.2 12.6 0.5 30.2 18.5 4.1 24.5 8.5 15.2 43.0
b-Selineneb 1489 1489 4.4 4.3 0.1 6.4 1.1 0.4 0.1
cis-b-Guaieneb 1492 1492 0.1
trans-Muurola-4(14),5-dieneb 1493 1493 0.6
cis-Cadina-1,4-dieneb 1495 1495 0.6 0.7 0.7
a-Selineneb 1498 1498 6.1 6.9
Curzerene 1499 1499 13.8 28.7
Bicyclogermacreneb 1500 1500 7.4 27.6 9.4 3.0 7.9 6.7 34.7 13.2
a-Muuroleneb 1501 1500 0.2 1.3 0.8 1,4 0.5 0.2
trans-b-Guaieneb 1502 1502 0.2 0.1
b-Dihydroagarofuran 1503 1503 0.3
b-Bisaboleneb 1505 1505 8.1 5.5 0.2
(Z)-a-Bisaboleneb 1506 1506 39.3 23.2
Germacrene Ab 1508 1508 0.5 0.3
d-Amorphene 1511 1511 0.4 0.5 0.5 0.4
g-Cadineneb 1513 1513 1.9 2.4 0.4 0.3 0.6 0.1
Cubebolb 1514 1514 1.0 0.2 0.8
7-epi-a- Selinene 1520 1520 1.1 0.5
trans-Calameneneb 1521 1521 0.2 0.6 0.3 0.2 0.1 0.1
d-Cadineneb 1522 1522 5.4 8.5 0.4 0.1 1.2 0.8 2.5 1.0 0.3 0.4 0.6 0.6
b-Sesquiphellandreneb 1522 1521 0.1
Zonarene 1528 1528 0,2
(E)-g-Bisaboleneb 1529 1529 0.8 0.5 0.1
trans-Cadina-1,4-dieneb 1534 1533 0.7 0.3 0.1
a-Cadineneb 1537 1537 0.7
a –Calacoreneb 1544 1544 0.8 0.5 0.2
Hedycaryol 1546 1546 0.3 0.8
Elemolb 1548 1548 1.0 1.1 0.6 0.1
Germacrene Bb 1559 1559 2.5 3.3 3.3 0.2 0.1 1.6 0.9 0.1
1-nor-Bourbonanone 1561 1561 1.6
(E)-Nerolidolb 1561 1561 1.1 0.9 10.2 3.6 5.7 3.2 2.7 1.6 1.4 1.7 1.2
b-Calacoreneb 1564 1564 0.1 0.1
Palustrol 1567 1567 0.1
Spathulenolb 1576 1577 0.1 11.8 15.0 40.6 0.7 9.3 2.5 35.2 2.4 0.6
trans-Sesquisabinene hydrateb 1577 1577 0.1
Caryophyllene oxideb 1582 1582 6.1 3.3 1.0 2.8 0.2 1.8 0.3 0.5 1.0
allo-Hedycaryol 1589 1589 0.2
Globulolb 1590 1590 2.1 0.5 0.4
Viridiﬂorolb 1592 1592 1.6 0.3 0.3
Guaiolb 1600 1600 0.5 1.0
Ledolb 1602 1602 0.7
Humulene epoxide IIb 1608 1608 0.2 0.6
Junenol 1617 1618 0.4
1,10-di-epi-Cubenol 1618 1618 0.1
Dillapioleb 1620 1620 3.6 1.9 4.2
10-epi–g-Eudesmol 1622 1622 0.7
1-epi-Cubenol 1627 1627 2.6 1.9 0.3
g-Eudesmolb 1630 1630 2.2
cis-Cadin-4-en-7-ol 1635 1635 0.9 0.8
Caryophylla-4(12),8(13)-dien-5-a-ol 1638 1639 0.6
epi-a-Cadinolb 1639 1638 0.5 0.1
Caryophylla-4(14),8(15)-dien-5-b-ol 1640 1639 0.4 0.5
Hinesol 1640 1640 6.4 6.4
epi-a-Muurololb 1640 1640 3.5 2.6 2.0 0.3 0.8 0.4 1.3 0.2
allo-Aromadendrene epoxideb 1641 1639 2.3
a-Muurololb 1644 1644 0.2 0.2 0.3 0.5 0.4
a-Eudesmolb 1652 1652 8.0 0.4 0.4
a-Cadinolb 1653 1652 12.2 7.0 5.8 1.4 0.2 0.4
Selin-11-en-4a-ol 1657 1658 1.7
Atractyloneb 1658 1657 5.1 1.6 1.2
Gymnomitrol 1659 1658 2.2
Bulnesolb 1670 1670 0.6
b-Bisabololb 1674 1674 0.4
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Table 2 (continued )
Constituentsa RI P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12
Cal.c Lit.d
Germacra-4(15),5,10(14)-trien-1a-ol 1684 1685 0.1
Eudesma-4(15),7-dien-1b-ol 1687 1687 0.2
Shyobunol 1688 1688 1.3
Eudesm-7(11)-en-4-ol 1700 1700 0.6
(2E,6Z)-Farnesolb 1715 1714 0.4
Total 84.0 94.6 85.5 99.7 83.5 89.7 98.3 92.6 99.6 94.4 97.9 99.6
Monoterpenes hydrocarbons 42.7 18.4 0.6 12.2 21.9 4.8 1.2 2.8 37.5
Oxygenated monoterpenes 0.9 0.6 0.7 1.2 0.4 2.3
Sequiterpenes hydrocarbons 55.4 70.0 31.5 36.5 23.7 45.3 72.9 50.7 87.7 52.3 54.9 60.3
Oxygenated sesquiterpenes 27.6 24.6 49.4 19.1 39.9 43.8 12.8 17.3 7.1 39.0 36.0 1.8
Phenylpropanoids 3.7 0.3 0.3 0.2 1.9 4.2
Other 0.1 0.3 0.4 0.2
a Mass spectra and RI values for all constituents match very well with those of literature (Adams, 2007; NIST, 2005).
b Mass spectra and RI values compared with authentic standards of our library using the same DB-5ms column of the literature (Adams, 2007).
c Calculated retention index.
d Retention index of literature (Adams, 2007); blank space ¼ not detected.
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Twelve samples of air-dried aerial parts of P. dilatatum yielded oils from 0.2 to 1.2% (Table 1) and its volatile constituents
were analyzed by GC and GC–MS. In total, 141 components were identiﬁed covering more than 93% of the total composition,
which is listed in Table 2. For an easier comparison of the oils, the components were grouped into three classes: mono- and
sesquiterpenes hydrocarbons and oxygenated sesquiterpenes. The sesquiterpenes, both hydrocarbons and oxygenated, were
the most highly represented classes, the former ranging of 31.5%–87.7% and the latter varying from 1.8% to 49.4%. The
monoterpene hydrocarbons were represented secondarily in the oils, ranging from 0.6% to 42.7%. With a percentage above
5%, the major constituents were germacrene D, spathulenol, (Z)-a-bisabolene, bicyclogermacrene, curzerene, b-elemene,
limonene, a-phellandrene, (E)-caryophyllene, b-pinene, a-cadinol, p-cymene, (E)-nerolidol, (Z)-b-ocimene, a-pinene,
d-cadinene, b-bisabolene, a-eudesmol, d-elemene, (Z)-b-farnesene, a-selinene, b-selinene, caryophyllene oxide, hinesol and
atractylone.
In order to differentiate between the analyzed P. dilatatum samples, a hierarchical cluster analysis using the compositional
proﬁle of the major constituents (below 5%) has been carried out and the Fig. 1 shows the resulting dendrogram. The oil
samples were divided in seven groups whose composition is summarized in Table 3. The division of groups showed
a correlation with the mono- and sesquiterpene hydrocarbons and oxygenated sesquiterpenes, which, as previously
mentioned, are the most representative classes. The class of oxygenated monoterpenes showed a negligible effect in this
division, and therefore it was not considered. The following groups have been deﬁned: (E)-caryophyllene (11.7–15.5%),
a-cadinol (7.0–12.2%), germacrene D (6.7–10.2%), d-cadinene (5.4–8.5%), a-selinene (6.1–6.9%), hinesol (0–6.4%) and car-
yophyllene oxide (3.3–6.1%) (group A – two samples); spathulenol (15.0–35.2%), bicyclogermacrene (27.6–34.7%), (Z)-b-
ocimene (0.1–10.0%), a-pinene (0.1–9.7%), germacrene D (0.5–8.5%) and (E)-caryophyllene (1.6–7.4%) (group B – twoFig. 1. Dendrogram obtained by hierarchical cluster analysis (HCA), based on the composition of 12 essentials oils from Piper dilatatum.
Table 3
Grouping of Piper dilatatum oils from cluster analysis of main constituents.
Group A Group B Group C Group D Group E Group F Group G
P1, P2 P4, P10 P3, P6 P12 P7, P8 P5 P9, P11
Components (%)
Monoterpenes hydrocarbons 1–42 <1 z37 12–22 18 2–4
a-Pinene <1–z10 <1 <1–4 <1 <1
b-Pinene 0–15 <1 <1–10 <1 z1
a-Phellandrene 16 <1 <1 0–<1
p-Cymene 0–<1 <1 0–5 z12 <1
Limonene <1–z3 19 <1–6 <1
(Z)-b-Ocimene <1–10 <1
Sequiterpenes hydrocarbons 55–70 36–52 31–45 z60 51–73 z38 55–87
d-Elemene <1 0–<1 <1 2–z8 1 <1–1
b-Elemene 2 <1–2 <1 <1 z14–z22 1–2
(E)-Caryophyllene 11–15 1–7 z2–z4 1 z4–5 4 z1
(Z)-b-Farnesene 5–7
Germacrene D 6–10 <1–8 z13–30 43 4–18 15–24
b-Selinene 4 0–<1 <1–1 6 0–<1
a-Selinene 6–7
Bicyclogermacrene 27–34 7–9 13 3–z8 0–z7
b-Bisabolene <1 5–8
(Z)-a-Bisabolene 23–39
d-Cadinene 5–8 <1 <1 <1 1–2 1 <1
Oxygenated sesquiterpenes 25–28 19–39 43–49 z2 13–17 26 7–36
Curzerene z14 0–28
(E)-Nerolidol 1 z2–z4 3–10 z2–z3 z6 1
Spathulenol <1 15–35 z12–40 <1 <1–9 2
Caryophyllene oxide 3–6 0–<1 0–1 <1–z2 z3 <1–1
Hinesol 0–6 0–6
a-Eudesmol 8 0–<1
a-Cadinol 7–12 0–z6 <1 <1–1 0–<1
Atractylone 0–1 5 0–1
The bold values represent the values for classes of compounds identiﬁed in the oil samples.
E.H.A. Andrade et al. / Biochemical Systematics and Ecology 39 (2011) 669–675674samples); spathulenol (11.8–40.6%), germacrene D (12.6–30.2%), (E)-nerolidol (3.2–10.2%), bicyclogermacrene (7.4–9.4%),
hinesol (0–6.4%) and a-cadinol (0–5.8%) (group C – two samples); germacrene D (43.0%), limonene (19.4%), a-phellandrene
(16.3%) and bicyclogermacrene (13.2%) (group D – one sample); b-elemene (13.8–21.8%), germacrene D (4.1–18.5%), b-pinene
(0.8–10.5%), spathulenol (0.7–9.3%), bicyclogermacrene (3.0–7.9%), d-elemene (2.0–7.6%), limonene (0.2–6.4%), (E)-car-
yophyllene (3.8–5.1%) and p-cymene (0–5.1%) (group E  two samples); curzerene (13.8%), p-cymene (11.7%), a-eudesmol
(8.0%), b-selinene (6.4%), (E)-nerolidol (5.7%) and atractylone (5.1%) (group F – one sample); (Z)-a-bisabolene (23.2–39.3%),
curzerene (0–28.7%), germacrene D (15.2–24.5%), b-bisabolene (5.5–8.1%), (Z)-b-farnesene (4.9–7.0%) and bicyclogermacrene
(0–6.7%) (group G – two samples).
Group A, comprising the samples P1 and P2, collected in the village of Alto Alegre, Roraima state, about 3000 km from the
other collection sites of P. dilatatum, with similarity of 85%, is characterized by a higher content of sesquiterpene hydrocarbons
(55–70%) than that of all other groups. (E)-caryophyllene (ca 15%) is the most important component of this oil in combination
with other minor sesquiterpenes. Oils obtained from specimens of P. dilatatum collected in central and northeastern Brazil
(Cysne et al., 2005; Potzernheim et al., 2006) also have the (E)-caryophyllene as a signiﬁcant component. Therefore, it is likely
that these oils are belonging to the same group.
Group B, related to samples P4 and P10, collected in Belterra, Pará state, and Xambioá, Tocantins state, two areas of the
eastern Amazon and distant from one another, with similarity of 75%, is characterized by high content of spathulenol and
bicyclogermacrene (about 35% in both), followed by the monoterpene hydrocarbon (Z)-b-ocimene (ca 10%). These constit-
uents were also identiﬁed in the specimens occurring in Paraty, Guaramiranga and Brasília, Brazil (Santos et al., 2001; Cysne
et al., 2005; Potzernheim et al., 2006). It is likely that these oils belong to the same group.
Group C, comprising the samples P3 and P6, collected in the localities of Benﬁca and Ananindeua, Pará state, two areas very
close to one another,with similarity of 78%, is characterized byhigh content of spathulenol (ca 40%) and germacreneD (ca 30%).
Group D, representing the sample P12, collected in Carolina, Maranhão state, is the sample with the highest amount of
germacrene D (ca 40%), followed by the monoterpene hydrocarbons limonene (ca 19%) and a-phellandrene (ca 16%).
Group E, comprising the samples P7 and P8, collected in the Carajás National Forest, with similarity of 50%, is also
characterized by a high content of sesquiterpene hydrocarbons (51–73%) in relation to other groups. B-elemene (ca 14–22%),
germacrene D (ca 4–18%) and b-pinene (ca 1–10%) were the most important constituents in this group, in combination with
other mono- and sesquiterpene hydrocarbons.
Group F, representing the sample P5, collected in Marituba, Pará state, is characterized by the presence of the oxygenated
sesquiterpenes curzerene (ca 14%), a-eudesmol (ca 8%) and atractylone (ca 5%), followed by the monoterpene hydrocarbon p-
cymene (ca 12%).
E.H.A. Andrade et al. / Biochemical Systematics and Ecology 39 (2011) 669–675 675Group G, related to samples P9 and P11, collected in the localities of Angico and Xambioá, near places at the Tocantins state,
with similarity of 64%, is characterized by high content of curzerene (ca 29%) and germacrene D (ca 25%), followed by minor
sesquiterpenes hydrocarbons.
Although curzerene is themain constituent of the groups F and G, the cluster analysis of other components separated them
into two distinct groups, which is compatible with the difference in the content of sesquiterpene hydrocarbons, 38% for group
F and 83–87% for group G.
It must be taken into consideration that the chemical composition of the oils typically vary with season, plant age and soil
composition, for this reason these results are based on single oil samples at each collection site. This way, we think that the
chemical composition of the analyzed oils showed qualitative and quantitative variation by the inﬂuence of environmental
conditions of collection sites. These ﬁndings suggest the presence of chemical types of P. dilatatum in the eastern Amazon, the
sampling location. At the same time, these chemical types may have ecological and taxonomic signiﬁcance in the manage-
ment and economic utilization of the species.
In general, the terpenoids and phenylpropanoids are predominant constituents of essential oils with extremely complex
composition of highly functionalized chemical entities, belonging to different chemical regulation and plant production
(Sangwan et al., 2001). We have seen that Piper oils from the Amazon present as major constituents terpenoids and phe-
nylpropanoids, always with the predominance of one over another (Andrade et al., 1998; Santos et al., 1998; Luz et al., 2000,
2003) or phenylpropanoids (Maia et al., 1987, 1993, 1998b; Andrade et al., 2008; Almeida et al., 2009). The oils of P. dilatatum
containing only monoterpenes and sesquiterpenes as its major components, is further chemotaxonomic evidence of this
dichotomy in the Piper genus.
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